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Abstract: In today's global economy, the Healthcare supply chain (HCSC) must be aware of the 
market that is both complicated and ever-changing. The HCSC in Industry 4.0 aims to give patients 
the medicine they need as quickly and cheaply as possible. The HCSC can improve operations by 
automating routine tasks, and reducing human error by using new technologies like the "Internet of 
Things" (IoT); so that, there is a need to analyze the role of IoT and Industry 4.0 in the Healthcare 
Supply Chain. This paper aims to analyze the role of IoT and Industry 4.0 in HCSC. Also, this paper 
proposed a framework using a single-valued neutrosophic set with multi-criteria decision-making 
(MCDM) to overcome uncertainty and deal with the various criteria and features. This paper used 
the 18 criteria and nine suppliers as an application in the healthcare supply chain. The results 
concluded that the proposed framework can handle uncertain data and give more effective results in 
analyzing the role of IoT and Industry 4.0 in HCSC. 
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1. Introduction 

The Healthcare supply chain (HCSC) in Industry 4.0 aims to give patients the medicine they 
need as quickly and cheaply as possible. It streamlines operations by automating routine tasks and 
reducing human error while simultaneously lowering costs and improving care quality. In order to 
increase the effectiveness of their supply chains, businesses are now using technology developments 
to construct efficient routes for contact and methods for cooperation. Traditional supply chains need 
to rapidly adapt in order to effectively and efficiently embrace the ideas of Industry 4.0 innovations, 
and this is true even as firms seek techniques to adapt to these emerging innovations [1, 2]. The drug 
industry is making use of 4.0 technologies. Many academics have thus begun using 4.0 technologies 
as an evaluation factor in the supplier selection problem. Drug production, availability, value, and 
cost-effectiveness may all be better controlled with the use of Industry 4.0 technology. The supplier 
analysis and selection problem in the drug sector especially should be undertaken with care; 
especially because the health of the patients is directly affected. Scholars from a wide variety of fields 
have used a wide variety of concepts and methods to add to the supplier analysis and selection 
problem within a stochastic setting [3, 4]. To keep up with the rapid evolution of client needs, a 
sustainable supply chain is essential. The feedback shows that manufacturers need to move quickly 
in moving their attention towards sustainability and using technologies like IoT to achieve their 
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objectives; so, there is a need to analyze the role of IoT and Industry 4.0 in the Healthcare Supply 
Chain. Sometimes the criteria for analysis and assessment are presented as hard numbers; for 
example, a student's grade, the cost of an automobile, etc. However, it is sometimes difficult to deliver 
their assessments in the form of particular values. Scholar Zadeh came up with the novel idea of a 
fuzzy set (FS) to address this issue, making him a trailblazer in the field of fuzzy membership 
research. Unfortunately, FS only has the membership degree (MD), which is incapable of handling 
complicated problems. Atanassov built the theory of the intuitionistic fuzzy set (IFS) on top of FS [5, 
6]. The neutrosophic set (NS) was first proposed by Smarandache. Truth membership (TM), faulty 
membership (FM), and indeterminacy membership (IM) are the three constituent parts of NS. 
Although NS is more comprehensive, it is still challenging to implement. Several subclasses of NS, 
such as the interval neutrosophic set, have been developed throughout the years to address 
difficulties with applications [7-9]. The concept of multi-criteria decision-making (MCDM) is used to 
deal with the various criteria and features. The concept of MCDM is used to deal with the various 
criteria and features. This paper aims to analyze the role of IoT and Industry 4.0 in HCSC. Also, this 
paper proposed a framework using a single-valued neutrosophic set with MCDM to overcome 
uncertainty and deal with the various criteria and features. This paper used the 18 criteria and nine 
suppliers as an application in the healthcare supply chain. The results concluded that the proposed 
framework can handle uncertain data and give more effective results in analyzing the role of IoT and 
Industry 4.0 in HCSC. This paper is organized as follows: the first section presents the introduction 
for this work; the second section introduces Industry 4.0; the third section introduces the HCSC; the 
fourth section provides the IoT and Supply Chain; the fifth section introduces the IoT and Industry 
4.0 in Supply Chain; the sixth section introduces the proposed neutrosophic model; the seventh 
section applying the proposed model; the eighth section provides conclusion; finally give the 
references. 


2. Industry 4.0 

The term "Industry 4.0" refers to the incorporation of various types of digital technology into 
manufacturing processes. This technology relies heavily on the infrastructure provided by the Cyber- 
Physical System (CPS), and the IoT revolution in innovation. Connecting machines together allows 
for more customization because of their adaptability and intelligence [10, 11]. Through the use of 
networked machines and human oversight, Industry 4.0 will revolutionize the whole manufacturing 
process. Industrial manufacturing processes are predicted to be 30% more rapid and 25% more 
effective under the impact of Industry 4.0. Germany was the first country to propose Industry 4.0 as 
an action plan in 2011. There are competing views on what Industry 4.0 really is at first. To begin 
with, it was assumed that the industrial revolution would have far-reaching effects on the country's 
finances. Secondly, Industry 4.0 has great potential for improving operational efficiency and paving 
the way for the introduction of novel company structures. There are many researchers have 
investigated the effects of Industry 4.0 on manufacturing facilities, proposed a strategy for 
digitalizing the industrial infrastructure, and investigated several approaches to making the 
transition from machine-driven to data-driven production [12, 13]. Based on the ideas of Industry 4.0, 
the CPS envisions an intelligent manufacturing facility in which digital and physical data are linked 
to enable distributed decision-making. When people, processes, and technologies are all linked 
together, the result is value chains that are dynamic, adaptive, and continuously connected. The term 
"Industry 4.0" refers to a new strategic strategy that integrates convergent information and 


communication networks into the production process [14, 15]. According to previous research, the 
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achievement of the Industry 4.0 approach may be attributed to the highly interconnected architecture 
that is mostly based on CPS. An important part of CPS's ability to materialize an intelligent 
production system is the cooperation of information platforms and handheld devices with internet- 
connected technologies. As a result, the characteristics of Industry 4.0 digital are strengthened [16, 
17]; 


3. Healthcare Supply Chain 

There are many businesses now use some kind of supply chain management (SCM). In order to 
effectively manage its supply chain, an organization has to include its many stakeholders, including 
producers, retailers, suppliers, and consumers. In the healthcare industry, SCM is crucial. This results 
from the reality that unsatisfied customers may result from a healthcare system that cannot provide 
the necessary medical products to its patients when they need them [15, 18]. The healthcare industry 
has been struggling with rising prices for decades. Scientists and managers alike have been putting 
more attention to SCM practices that can adapt to the ever-shifting nature, setting, and needs of the 
industry. Successful healthcare systems may effectively manage and continually regulate their goals 
thanks to supply chain practices, which are vital administration tools. By increasing product 
availability and decreasing order cycle time, effective SCM may enhance customer service while 
decreasing the overall number of resources needed to meet service levels. Increasingly, businesses 
are realizing the value of SCM because of the coordination and cooperation it facilitates with channel 
acquaintances such as vendors, agents, providers of services, and consumers. In many ways, hospital 
supply networks are not like those of other industries. To meet the demands of people who care for 
clients, the system relies on a constant flow of goods and services. Figure 1 shows the healthcare 


supply chain devices [1, 19]. 


Figure 1. Healthcare Supply Chain. 


4. lIoT and Supply Chain 

The Internet of Things (IoT) is a system of interrelated computing devices, sensors, and network 
nodes that share data and operate in concert to improve human and machine cognition, streamline 
commercial operations, and open up whole new markets. By 2020, some 37 million more devices will 
be linked and utilized to track and manage operational procedures. The Internet of Things connects 
the digital and physical worlds, transforming the SC into a network. IoT facilitates the transfer of 


data, information, and expertise by means of data sharing, novel analytic approaches, and linked 
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intelligent devices. Learning, mental processes, and intuition allow humans to transfer information 
learned from one machine to another, which is useful for both internal company knowledge 
management and external knowledge sharing. An essential use case for IoT is the enhancement of SC 
monitoring and tracing operations. To cut down on carbon dioxide emissions and the amount of time 
spent on the job by drivers, for example, leaders may make quick and precise choices on the 
deployment of independent, green-fuel cars engaged in long-distance redistribution. There are many 
types of research that addressed the connected IoT and supply chain [20, 21]. Figure 2 shows the 


connected IoT and supply chain. 
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Figure 2. loT contributions in supply chain resilience. 
These days, wireless mobile sensor networks are employed in medical settings that need continuous 
monitoring of patients via the use of sensor devices. Continuous monitoring of patients, in- 
ambulatory, in-hospital, in-clinic, and open monitoring of the surroundings (e.g., athlete health 
surveillance), are all areas where researchers are seeking to implement a Wireless Mobile Sensor 


system. 


5. IoT and Industry 4.0 in Supply Chain 

The report concludes that the supply chain sector has to take the lead in order to fully reap the 
advantages of the IoT and other next-generation technologies. The research also reveals the 
advantages of IoT and Big data for a Green Supply Chain. In order to gain advantages, an ordinary 
supply-chain organization must invest in such technology. In addition, sustainable supply chain 
practices promote green power. The goal of Industry 4.0 at the supply chain, as shown in Figure 3, is 


to digitally integrate all aspects of the company, therefore cutting down on emissions and 
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empowering stakeholders to make instantaneous, data-driven choices. The IoT makes it possible to 
link an organization's internal equipment, components, machines, and users. In addition to 
establishing a link with a single production facility, several such links might be established through 
the Internet and cloud computing [22, 23]. 
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Figure 3. Industry 4.0 and IoT in healthcare supply chain. 


According to the review of relevant literature, there is now an unfilled need for solutions that 


combine the IoT with Industry 4.0 to ensure supply chain sustainability. Figure 4 depicts a suggested 


new methodology for evaluating sustainability in industry 4.0 supply chain leadership. 
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Figure 4. The criteria to show role IoT and Industry 4.0 in HCSC. 
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6. The proposed Neutrosophic Model 
This section introduces the single valued neutrosophic set with the MABAC method. The 


distance of every alternative's criteria function from the border approximation region is the 
foundation of the MABAC technique under neutrosophic set [24, 28]. The proposed neutrosophic 
model consists of the following steps: 

1) Formulate the decision matrix [29, 30]. 

The decision matrix is built Dj; 

2) Normalize the decision matrix 


djj—min dj 


NDjj = max dj—min d; (1) 
3 djj—max dj 
NDy ~ min dj—max dj (2) 
3) Compute the weighted matrix 
4) Compute the border approximation area. 
a 
b, = (jt. WD)” (4) 


5) Compute the distanceoption from border approximation area 
R=WD,; — b; (5) 
6) Compute the total distance 

T= Djar Rij (6) 


7. Applying the Proposed Neutrosophic Model 

This section introduces the results of single valued neutrosophic set with the MABAC method in 
selection best supplier and analysis the role of IoT and industry 4.0 in the HCSC. This paper collected 
18 criteria from the previous study as shown in Figure 4, and used nine suppliers. The experts build 
the decision matrix by the single valued neutrosophic numbers. Then normalized the decision matrix 
by using Eq. (1-2). Then compute the weights of criteria. Then compute the weighted normalized 
decision matrix by using Eq. (3). Then compute the border approximation area by using Eq. (4). Then 
compute the distance of each alternative from the border approximation are by using Eq. (5) as shown 


in Table 1. 
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Table1: The distance of each option from border approximation area. 
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Then compute the total distance by using Eq. (6) as shown in the following Figure 5. 
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Figure 5. The total distance of each alternative from border approximation area. 


This paper used the single valued neutrosophic set to overcome uncertain information. This 
paper used 18 criteria and 9 alternatives. The alternatives were evaluated and chosen utilizing the 
innovative multi-criteria MABAC (Multi-Attributive Border Approximation Area Comparison) 
technique The single valued neutrosophic is integrated with the MABAC method to show the rank 
of alternatives. 

The results concluded that the proposed framework can handle uncertainty data and give more 
effective results in analyzing the role of IoT and industry 4.0 in HCSC. Also by using the single valued 
neutrosophic can handle the uncertainty which exists in data for giving more accurate results during 


ranking alternatives in HCSC. 


8. Conclusion 


The HCSC industry stands to benefit greatly from the automation, digitalization, and precision 
offered by Industry 4.0 technology. The paper discusses the assessment of an HCSC supplier's 
effectiveness in light of Industry 4.0, which is becoming more important as new technologies emerge. 
Businesses increasingly use IoT and other digital technologies to improve operations and 
productivity. It ensures extensive potential for competitive advantage and establishes a benchmark 
for future eco-friendly supply chain procedures. With the help of Industry 4.0, businesses can quickly 
adjust to changing consumer preferences. Productivity rises, and stakeholders can make better, more 
timely decisions at the moment. It opens the door to better business practices and more efficient 
production. This paper used the single-valued neutrosophic set to overcome uncertain information. 
This paper used 18 criteria and 9 alternatives. The single-valued neutrosophic is integrated with the 


MABAC method to show the rank of alternatives. The results concluded that the proposed 
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framework can handle uncertain data and give more effective results in analyzing the role of IoT and 
Industry 4.0 in HCSC. 
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